In this study, we examined the effect of low dose exposure to trichothecenes on host resistance to pathogenic and non-pathogenic infections. Futher, we examined pro-inflammatory cytokine production using a human macrophage cell lime with trichothecenes alone or in combination with lipopolysaccaride (LPS). DON, deacetoxyscirpenol (DAS) , T-2 toxin, fusarenon X (FX) and nivalenol (NIV) were purchased from 
Materials and methods

Effect of trichothecens on Specific defense against pathogenic bacteria
Effect of trichothecens on Specific defense against non-pathogenic bacteria
BALB/c female mice purchased from the Shizuoka Laboratory Animal Center were used at 3 weeks of age. In the experiment examining effects of DON and NIV on host resistance to non-pathogenic infection, mice were given drinking water containing 2 ppm DON or NIV for 3 weeks. Stationary bacteria were prepared from a frozen stock of E. coli K-12, DH5 9) grown in LB medium overnight. Some of the bacteria were diluted, cultured again in LB medium and harvested in mid-logarithmic phase. These bacteria were washed and introduced into mice at 1.0 X 10 8 per mouse by i.p. injection on day 14 after the exposure to DON or NIV. At 0, 6, 24, 48 hrs after the infection, the peritoneal cavities were washed with 5 ml of PBS. Spleen was obtained and dipped in PBS containing 100 mg/ml of gentamycin for 1 hr. The number of CFU in the peritoneal cavities and spleen was counted by plating on trypticase soy agar. 
Effect of trichothecens on pro-inflammatory cytokine production in human macrophage
Results and Discussion
As mice refused to drink more than 3 mg/kg of DON, FX and DAS in this experiment, they were given 3 mg/kg of these trichothecene derivatives as a high dose. Other trichothecene derivatives were given at a concentration of 6 mg/kg. Mice in all treatment groups were given 2 ppm and 0.2 mg/kg as a moderate and a low dose, respectively. The survival ratio of each group given drinking water containing various concentrations of trichothecene derivatives was compared with that of the control group given toxin-free water. DON decreased the survival of salmonellosis from 2 mg/kg (Fig. 1) .
Also TNF-levels in the serum of mice were higher given over 2 mg/kg of DON than that serum of contril mice after infection (Fig. 1) . No change of resistance was seen in the groups given NIV and FX even of high dose. The low dose treatment of T-2 enhanced host resistance against salmonella but low dose of DAS reduced it. T-2 and DAS had no effect when given in a moderate or high dose. The reason why the low dose affected the resistance against salmonella is unknown. Since T-2 toxin has been observed to suppress or enhance macrophage activity (data not shown), 0.2 mg/kg of T-2 may enhance macrophage activity. These results indicated that dietary exposure to DON had the most likely to increase the susceptibility to salmonellosis among five popular trichothecene derivatives.
Based on the results of host resistance to pathogenic infection, we examined the effect of DON and NIV on host resistance to non-pathogenic infection using the dose of 2 mg/kg. Exposure to DON or NIV did not affect the elimination of bacteria from the peritoneal cavities and spleen (Fig. 2) .
Vol. 53 (2) Female Balb/c mice were given 0.2-6 mg/kg DON, in drinking water for 4 weeks (n=10). The control group was given toxin-free water. On day 14, all groups were received a gastric inoculation of Salmonella Enteritidis (S.E., 5 x 10 5 , strain No. E930448, phage type 4. At 2 weeks post-infection, survival rate was evaluated. Female Balb/c mice were given drinking water containing 2 mg/kg DON or NIV for 3 weeks. E. coli K-12, DH5 were introduced at 1.0 x 10 8 per mouse by i.p. injection on day 14 after exposure to DON or NIV. At 0, 6, 24 and 48 hr after infection, the peritoneal cavities were taken and the number of CFU in the peritoneal cavities was counted by plating on trypticase soy agar.
These results suggested that the relatively low dose of DON and NIV dose not affect the host resistance to non-pathogenic infection.
Since the superinduction of TNF-by DON was found in a mouse model of salmonellosis (Fig. 1) , we further examined the pro-inflammatory cytokine production induced by DON and other 8ketotrichothecens in human macrophages to estimate the hazard associated with exposure to these mycotoxins. Exposure to FX, NIV, 15-AcDON and DON for 6 h significantly induced TNFproduction at toxin concentrations of 250-1000, 1000, 500-1000, and 500-1000 ng/ml, respectively, whereas 3-ADON had no effect (Fig. 3) . The 8-ketotrichothecens also potenciated LPS-induced TNFproduction. Significant increases in IL-6 levels were also detected in U-937 macrophage cultures exposed to NIV or FX for 24 hr (250 and 1000 ng/l), 3-ADON (500 and 1000 ng/ml), and DON (100 and 250 ng/ml) without LPS (Fig. 4) . A potentiation of LPS-induced IL-6 responses was observed at NIV, 15-AcDON, 3-AcDON, and DON concentrations of 100, 10-100, 10-50, and 100-250 ng/ml, respectively. As a group, the 8-ketotrichothecens were potent inducers of IL-8 ( Fig. 5 ). Significant increases of IL-8 were observed at 24 h upon incubation with 100-1000 ng/ml of FX, 15-AcDON, and DON, with 50-100 ng/ml of DON, and with 250-1000 ng/ml of NIV and 3-AcDON. All of the 8- Vol. 53 (2), 2003 145 Fig. 4 . The effects of DON and 8-ketotrichothecenes on IL-6 production by U-937 cells.
U-937 macrophage cells (7 x 10 5 /ml) were incubated with DON alone (-LPS) or with DON and 0.2 µg/ml LPS (+LPS) for 24h, and culture supernatants were analyzed for IL-6 by ELISA. Date are means SEM for triplicate determinations.
ketotrichothecens superinducted the production of this cytokine in the presence of with LPS.
The results presented here suggest that the 8-ketotrichothecenes including DON can induce or superinduce pro-inflammatory cytokine and chemokine productions in human macrophages. The superinduction of TNF-also has been found in pathogenic infection in vivo.
Taken together, these findings obtained from in vivo and in vitro have significance in the evaluation of the potential hazards associated with human exposure to these mycotoxins. Although DON is the predominant contaminant in foods world-wide, it is often accompanied by other 8ketotrichothecenes including FX, NIV, 15-AcDON, and 3-AcDON 11-12) . The capacity of these latter compounds in the human macrophage model described herein suggests that their presence in food poses a risk similar to that found for DON. Additional studies are needed to determine the effect of gut and hepatic metabolism on the immunotoxicity of 8-ketotrichothecene. U-937 macrophage cells (7 x 10 5 /ml) were incubated with DON alone (-LPS) or with DON and 0.2 µg/ml LPS (+LPS) for 24h, and culture supernatants were analyzed for IL-8 by ELISA. Date are means SEM for triplicate determinations.
